To improve patient care and help clinical research, the Neuropathic Pain Special Interest Group of the Italian Neurological Society appointed a task force to elaborate a consensus statement on pharmacoresistant neuropathic pain. The task force included 19 experts in neuropathic pain. These experts participated in a Delphi survey consisting of three consecutive rounds of questions and a face-to-face meeting, designed to achieve a consensus definition of pharmacoresistant neuropathic pain. In the three rounds of questions, the participants identified and described the main distinguishing features of pharmacoresistance. In the face-to-face meeting the participants discussed the clinical features determining pharmacoresistance. They finally agreed that neuropathic pain is pharmacoresistant when "the patient does not reach the 50% reduction of pain or an improvement of at least 2 points in the Patient Global Impression of Change, having used all drug classes indicated as first, second, or third line in the most recent and widely agreed international guidelines, for at least 1 month after titration to the highest tolerable dose." Our consensus statement might be useful for identifying eligible patients for invasive treatments, and selecting patients in pharmacological trials, thus improving patient care and helping clinical research.
Introduction
Neuropathic pain-i.e., pain arising directly from a lesion or disease that affects the somatosensory nervous system-is a common clinical problem (http://www.iasp-pain.org/ Education/Content.aspx?ItemNumber=1698). Neuropathic pain, having a prevalence in the range of 7-10%, represents a significant economic and social burden [1] . Despite the advances, a considerable number of patients do not get adequate pain relief or improvement in quality of life from available drugs. Meta-analysis [2] as well as experienced clinicians claim that neuropathic pain is pharmacoresistant in about 50% of patients [3] .
Although pharmacoresistant neuropathic pain is a common clinical problem [3, 4] , a precise definition of pharmacoresistance remains elusive. In most studies assessing the efficacy of invasive procedures for patients with pharmacoresistant neuropathic pain, the definition criterion of pharmacoresistance is frequently ambiguous [5, 6] . The current guideline on the clinical development of medicinal products intended for the treatment of pain, issued by the European Medicine Agency (https://www.ema.europa.eu/ documents/scientific-guideline/draft-guideline-clinicaldevelopment-medicinal-products-intended-treatment-pain_ en-0.pdf), does not provide any indication on how to define pharmacoresistance to neuropathic pain. A pragmatic definition of pharmacoresistant neuropathic pain may be therefore useful for identifying patients for invasive treatments in clinical practice, or for selecting patients in pharmacological trials.
The aim of this study, issued by the Neuropathic Pain Special Interest Group (NeuPSIG) of the Italian Neurological Society, was to reach a consensus statement on how to define pharmacoresistant neuropathic pain. To do so a task force participated into three consecutive rounds of questionnaires, and in a face-to-face meeting designed to achieve a final consensus statement on pharmacoresistance definition.
Methods
The NeuPSIG of the Italian Neurological Society organized this Consensus, based on the Delphi technique, between April and June 2018. The task force included 15 neurologists, two pharmacologists, and two pain physicians, selected because of their specific expertise in neuropathic pain. The participants were selected due to their scientific activity in the neuropathic pain field, the geographical representation of the Italian territory, and the clinical and scientific activity associated with the Italian Neurological Society. For instance, several members of this team participated in relatively recent epidemiological studies dealing with neuropathic pain [7] [8] [9] . These experts were contacted by email with an invitation to participate in the Delphi method survey.
We organized three rounds of open questions, sent by email to the expert panel. Two facilitators (AT and GC) developed the questions. After each round, the two facilitators analyzed the responses and elaborated the successive round questions. Each participant was unaware of the responses of the other participants.
Of the 19 invited experts, 17 completed the three rounds and 16 participated to the face-to-face meeting. In this consensus procedure, we set a priori a level of agreement at 80%.
The response rate for the three rounds of questions ranged between 82 and 100%.
Rounds of questions
In the first round, we sought the general opinion of the participants about the problem of treatment-resistant neuropathic pain. We asked, "In your opinion when does neuropathic pain become "pharmacoresistant?"
For the second round, a summary of the results of round one was fed back to participants by email, along with questions of round 2. This round included items directly raised by the answers to the round 1 questions. Accordingly, the questions of the second round were focused to reach a precise definition of clinically meaningful pain relief, global impression of change, and how to identify effective drugs and their dosage and minimal duration of treatment, before defining a patient pharmacoresistant.
A summary of the results of round two was then fed back to participants by email. The third round aimed at completing and clarifying some of the issues raised by the replies to the second round. We therefore included questions on whether drugs of the same class (e.g., different tricyclic antidepressants) shall be tried, how comorbidities influence the response to treatment, and whether other, non-invasive, therapies (e.g., nutritional supplements, relaxation) shall be tried before defining a patient pharmacoresistant
Face-to-face meeting
After the three rounds of questions, we fed back a list of all the answers in anonymized form to participants. This procedure step was meant to prepare participants to the face-to-face meeting. In this meeting, the participants were asked to discuss the different items raised by the rounds of questions and indicate their agreement with each of the components to be incorporated into a working definition of pharmacoresistant neuropathic pain.
In the face-to-face meeting the participants also discussed about the possible differences between the terms pharmacoresistance and refractoriness, and sought an agreement on the distinguishing features of these two terms.
Results

Rounds of questions
The answers to the first question showed that all participants, though using different wording, indicated that neuropathic pain becomes pharmacoresistant when drugs do not provide sufficient pain relief or a sufficient global impression of change (Table 1) .
In the second round, the participants indicated the definition of clinically meaningful pain relief as a reduction of pain of 30 or 50%, as assessed with a validated pain scale (i.e., the Visual Analogue Scale and the Likert scale). Most participants indicated as a clinically meaningful global impression of change, a 2-point improvement (corresponding to "very much improved" or "much improved") in the Patient Global Impression of Change scale (PGIC), a 7-point scale commonly used in the management of patients with neuropathic pain (Fig. 1 ). Most participants considered as effective drugs those having at least a weak recommendation in international guidelines or recommendations. Virtually all the participants considered the adequate drug dosage as the best balance between effectiveness and tolerability; conversely, they provided widely varying definitions for adequate duration of drug trial, indicating a trial duration between 2 weeks and 6 months.
In the round 3, according to several participants although no specific evidence is available, different drugs of the same classes should be tried, mainly due to possible differences in pharmacokinetic profiles. Concerning the influence of comorbidities, the participants indicated three main issues: the patient compliance and adherence to therapy, psychiatric comorbidities, and patient's genotype influencing the drug effectiveness. Replies about additional treatments varied considerably among the participants. Some participants indicated among possible useful treatments cognitive and behavioral therapy, physiotherapy, acupuncture, relaxation, and nutritional supplements. However, many participants considered that the current evidence supporting the clinical use of these treatments is still insufficient (Fig. 1) .
Face-to-face meeting
In the face-to-face meeting there was unanimous consensus that among the different issues raised during the three rounds of questions, pharmacoresistance definition should include the following items: satisfactory pain relief or PGIC, number of efficacious drugs, dosage of the drugs, and treatment duration. All participants agreed that satisfactory pain relief corresponds to the 50% reduction of pain and a clinically meaningful global impression of change corresponds to an improvement of at least 2 points in the PGIC. All the drugs indicated as first, second, or third line in the most recent international guidelines should be tried, for at least 1 month after titration, using the highest dose according to the EU approved Summary of Product Characteristics (SPC), without clinically important side effects.
All the participants agreed that pharmacoresistant and refractory neuropathic pain are distinct conditions. The definition of pharmacoresistance should be used only regarding pharmacological treatment; conversely, refractoriness is more relevant to the lack of response to any treatment, including neurostimulation and surgical procedures.
Box 1 Definition of pharmacoresistant neuropathic pain
Discussion
In this study, using the Delphi method, a task force appointed by the NeuPSIG of the Italian Neurological Society, agreed that neuropathic pain is pharmacoresistant when "the patient does not reach the 50% reduction of pain or an improvement of at least 2 points in the PGIC, having used all drug classes indicated as first, second, or third line in the most recent and widely agreed international guidelines, for at least 1 month after titration to the highest tolerable dose." We believe that this consensus statement on pharmacoresistant neuropathic pain may serve as a pragmatic and applicable definition for the everyday clinical management and pharmacological trials. The primary target users of our consensus definition of pharmacoresistant neuropathic pain are medical practitioners at all health care levels involved in the clinical management of patients with neuropathic pain. Our definition may help physicians, health care administrators, and insurers in identifying eligible patients for invasive therapeutic procedures. Other target users are clinical researchers because adopting a consensus definition might help for selecting patients in pharmacological trials.
Neuropathic pain is pharmacoresistant when "the patient does not reach the 50% reduction of pain or an improvement of at least 2 points in the Patient Global Impression of Change, having used all drug classes indicated as first, second, or third line in the most recent and widely agreed international guidelines, for at least 1 month after titration to the highest tolerable dose." The definition of satisfactory pain relief and PGIC How to define satisfactory pain relief remains a controversial problem. Many pharmacological trials assessing the efficacy of drugs in patients with neuropathic pain indicate as primary endpoint the 30% reduction of pain [2] . However, several studies showed that clinically important improvement of quality of life and health status are associated with pain relief higher than the 30% reduction of pain [10, 11] . Furthermore, the percent change that is clinically important to patient increases as the baseline pain severity increases. Hence, for patients with severe pain, the percentage of pain relief should be higher than 30%. For these reasons, we decided to indicate the 50% reduction of pain as the appropriate target for pharmacological treatment, given that a pain reduction of ≥ 50% probably represents the substantial change in pain severity for most patients [12] .
In the definition of pharmacoresistant pain we decided to include also the PGIC. The percent change of pain and the PGIC are closely related; this correlation, however, loses consistency in patients with high pain scores. Furthermore many drugs used for neuropathic pain treatment (e.g., antidepressants and gabapentinoids) may improve sleep, mood, and therefore quality of life, regardless of the degree of pain reduction [13] . We therefore believe that the PGIC is a useful, alternative item to pain reduction. It follows that we may consider drug responders those patients with a pain relief lower than 50%, but with an adequate improvement of PGIC. We identified as an adequate improvement of the PGCI a change of 2 points corresponding to "very much improved" or "much improved," given that this improvement notoriously corresponds to a clinically important change in the general health status [12] .
The definition of effective pharmacological treatment
Many drugs are supposed to modulate somatosensory nervous system activity, thus possibly reducing pain. Only some drugs, however, have been tested in randomized controlled trials proving some efficacy in reducing neuropathic pain. Accordingly, in the definition of pharmacoresistance we referred to all the drug classes indicated as first, second, or third Fig. 1 Frequency of the different responses to round questions 2 and 3. Given that rounds 2 and 3 consisted of open questions, for some questions the two facilitators performed a qualitative analysis and grouped together similar items. For instance in the question D "Define the adequate duration of a drug trial," the answers reporting a time span between 8 weeks and 6 months have been included in the item "2 months or more." The sum of percentage of answers to question G is above 100% given that some participants provided more than one answers line in the most recent, widely agreed international guidelines based on meta-analysis of published randomized controlled trials. We propose that the most recent and appropriate guidelines are used. Currently, the guideline for neuropathic pain treatment issued by the Neuropathic Pain Special Interest Group of the International Association for the Study of Pain [2] should be considered as the reference guideline unless an updated guideline is published.
In the definition of pharmacoresistance we indicated that the minimal duration of treatment necessary to consider the drug insufficient should be of at least 1 month after titration. This choice reflects two main considerations. Drugs used for treating neuropathic pain are usually carefully titrated for minimizing adverse events, and the adequate dosage is reached after several days or weeks. While the analgesic effects of antidepressants on pain manifest in a few days to 1 week, the effects on depression and quality of life take approximately 2 to 4 weeks [14] , thus possibly having late influence on the PGIC.
The magnitude of pain relief usually correlates with the drug dosage: the higher the dosage is, the larger the pain relief is [15, 16] . Admittedly, this relationship has not been homogenously reported for all drugs. For instance whereas the efficacy of pregabalin linearly increases with the dosage, the efficacy of 60 and 120 mg of duloxetine does not differ [17, 18] . Regardless of the dose-response relationship, however, the frequency and severity of adverse events increases with the drug dosage [19] . We have therefore indicated that the drug dosage should aim at the highest dosage, according to the EU approved Summary of Product Characteristics, without clinically important side effects (i.e., the highest tolerable dose).
Pharmacoresistance and refractoriness
Although most clinical trials assessing drug efficacy have used pharmacoresistance and refractoriness as synonyms [20] [21] [22] , some studies suggested that the two definitions might be perceived as different entities [3, 4] . We suggest that while the term pharmacoresistance explicitly refers to drugs, the term refractoriness should be intended for neuropathic pain resistant also to non-pharmacological treatment (e.g., neurostimulation, physical therapies, cognitive-behavioral therapy). We believe that a clear-cut distinction between the two terms might be clinically useful, given that the pharmacoresistance is a requisite for patients' eligibility to invasive procedures.
Limitations of the study
Our expert panel mainly includes neurologists, given that the study is issued by the NeuPSIG of the Italian Neurological Society. This unbalanced team might be regarded as a limitation, because different medical practitioners may be involved in the clinical management of patients with neuropathic pain. However, neuropathic pain is due to neurological diseases. We therefore believe that the special role for neurologists in this field is largely expected and justified.
In this study using the Delphi procedure we provide an expert opinion consensus, unsupported by evidence-based data. However, we believe that this limitation is intrinsic to the problem of pharmacoresistant neuropathic pain, given that no study has systematically addressed the pharmacoresistance and most trials including patients with pharmacoresistant neuropathic pain did not explicitly define the criteria for identifying patients with poor or absent response to treatment.
Although our definition of pharmacoresistance has some resembling points with two earlier expert opinion-based studies [3, 4] , important differences still exist. In our study we explicitly provide previously unreported details on the pain relief, PGIC, and drugs, useful to yield a working definition of pharmacoresistance, essential in clinical practice. Particularly we identify the 50% reduction of pain rather than the 30%, reported in a previous study [4] , and precisely indicate the level of satisfactory PGIC. We also clearly indicate that the effective drugs should be identified based on standard reference guidelines. Differently from the two previously published expert opinion-based studies [3, 4] , we also addressed the possible differences between pharmacoresistant and refractory neuropathic pain.
Although many participants considered that different drugs of the same class should be tried, we did not include this point in the pharmacoresistance definition. Admittedly, drugs of the same class might have a different effect for minor differences in pharmacodynamic profile or different pharmacokinetic properties. For instance among the tricyclic antidepressants, amitriptyline and imipramine have a stronger activity on voltage-gated sodium channels than nortriptyline and desipramine [23, 24] . Gabapentin and pregabalin have minor pharmacodynamic differences (pregabalin has greater binding affinity for the alpha-2/delta-1 subunit than gabapentin), and major differences in terms of pharmacokinetics, especially absorption (the intestinal absorption of pregabalin is not saturable) [25, 26] . We considered, however, that the possible differences between drugs of the same class are usually negligible; furthermore, screening different drugs of the same class may require a long time, thus making a definition of pharmacoresistance unsuitable to clinical practice.
Conclusions
In this study, using a Delphi procedure to reach a consensus statement, we provide a working definition for pharmacoresistant neuropathic pain, possibly useful for identifying patients for invasive treatments in the everyday clinical practice, or including patients in pharmacological studies. Admittedly, our definition of pharmacoresistant neuropathic pain requires to be validated in a dedicated clinical trial, assessing the interobserver and intraobserver consistency in the clinical setting [27] .
